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© Photocurable polyurethane-acrylate ionomer compositions for aqueous developable printing 
plates. 

© A photopolymer useful in preparing water-developable, solid printing plates is prepared by (A) preparing a 
urethane prepolymer by reacting a polyoxyalkylene diol (optionally carboxylic acid grafted) with an excess of 
diisocyanate, followed by chain extending the resulting prepolymer mixture with a dialkylolpropionic acid and 
preferably with additional diols(s) such as alkane diol(s) and (meth)acry late-containing diol(s). Use of a new 
(meth)acrylate-containing diol in such chain extension completes the formation of photopolymer. However, in a 
third operation (B) hydroxyalkylmethacrylate may be reacted with the result of (A) whether or not (meth)acrylate- 
containing diol is used in (A). The carboxylic acid groups of the photopolymer may also be partially neutralized 
with a base. The photopolymer is suitably formulated with additional photoactive (meth)acrylate monomers or 
oligomers and photoinitiator for casting on a substrate or extruding to form a flexographic printing plate. 
Following UV exposure of the plate through a negative, unexposed areas can be removed by washing with an 
aqueous alkaline solution to give a plate with a desirable relief image. The use of the aqueous alkaline washout 
solution as opposed to organic solvents minimizes pollution problems. 
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This invention relates to radiation curable prepolymers and formulations or compositions containing the 
same, as well as photosensitive articles having solid surfaces or layers prepared from such prepolymers or 
formulations. The invention also relates to a process for making and using the prepolymer or composition to 
form the photosensitive articles. 

5 

Background of the Invention 

Photocurable prepolymers and compositions are well known in the art for forming printing plates and 
other photosensitive or radiation sensitive articles. In the field of radiation sensitive flexographic printing 

w plates, the plates typically comprise a support and a photosensitive surface or layer from a photocurable 
composition. Additional layers or surfaces on the plate include slip and release films to protect the 
photosensitive surface. Prior to processing the plate, the additional layers are removed, and the photosen- 
sitive surface is exposed to radiation in an imagewise fashion. The unexposed areas of the surface are then 
removed in developer baths. 

is Removal of unexposed surfaces comprising solid photocurable compositions such as those disclosed in 
U. S. Patent No. 2,760,863 require the use of developer baths comprising environmentally unsafe, organic 
solvents such as tetrachloroethylene, 2-butanone, benzene, toluene, xylene, trichloroethane and solvent 
mixtures such as tetrachloroethylene/n-butanol. However, due to the toxicity, high volatility and low flash 
point, their use gives rise to hazardous conditions and creates pollution problems. Thus, recently there has 

20 been a strong interest in the field to develop photosensitive layers in non-organic solvent developing 
solutions, e.g. aqueous, surfactant-aqueous or alkaline-aqueous solutions. However, the compositions 
resulting from recent attempts to achieve aqueous developable plates demonstrate deficiencies in mechani- 
cal properties, e.g. flexibility. See European Application 261,910. 

For instance, in addition to possessing an aqueous developable photosensitive surface, a flexographic 

25 printing plate must have sufficient flexibility to wrap around a printing cylinder, yet be strong enough to 
withstand the rigors experienced during typical printing processes. Further, the printing plate should 
possess a low hardness or softness to facilitate ink transfer during printing. 

Previous aqueous developable compositions have not possessed all the desirable features such as 
flexibility, softness and solvent resistance to inks typically used in printing. For example, U. S. Patent No. 

30 4,023,973 describes a photosensitive composition comprising a maleic anhydride adduct of a 1,2-poly- 
butadiene. However, because the 1,2 content of this material is very high, i.e. 70% or more, this 
composition has an undesirably high rubber hardness. 

Furthermore, other water-developable photosensitive compositions which contain as the main compo- 
nent a high molecular weight polymer such as polyvinyl alcohol, cellulose, polyethylene oxide, or the like, 

35 are insufficient in flexibility and possess a high degree of rubber hardness and hence are unsuitable for use 
in flexographic printing plates. 

Finally, it is also important that the photosensitive surface of the printing plate be dimensionally stable 
during storage. For example, some compositions used for making plates have shown inferior stability 
properties when used in solid flexographic printing plates in that the compositions become tacky and pasty 

40 during storage. Those inferior properties have been attributed to the low molecular weight of the polymers 
used to prepare the printing plates. See U. S. Patent No. 4,762,892 to Koch et al. and discussion of low 
molecular weight polymers disclosed in Japanese Kokoku 57-23693. 

Carboxyl-modified urethane prepolymers are known, and the aqueous dispersibility of several has been 
studied. One type of aqueous dispersible composition known in the art is a carboxylated urethane. The 

45 following disclose representative examples. A paper by R. C. Hire and S. C. Cohen, Xarboxyl Modified 
Polyols in Urethane Applications", in Proceedings of the SPI-32d Annual Conference, Oct. 1-8, pp. 118-125 
(1989), discloses the preparation and certain reactions of carboxyl modified polyols ("CMP"). For example, 
the starting CMP (which can be like the base polymer of the instant invention) is treated with MDI to provide 
an isocyanate terminated prepolymer. The latter is then treated with a diol to form a urethane terminated 

so prepolymer. Thus, "Slide 8" of the paper shows various ratios of starting polyol, diisocyanate, and butane 
diol. Slide 21 shows reacting MDI-capped base polymer with dimethylolpropionic acid (DMPA) to form 
ionomer, followed by chain extension with triethylamine or ethylene diamine. Acrylate-diol chain extenders 
are not disclosed, nor is chain-termination with an acrylate. In no case is there sufficient diisocyanate to 
give a final chain extended polymer. The final product is either terminated with -OH at both ends or with 

55 -OH at one end and -NCO at the other, or with -NH 2 (when extended with a polyamine). My process differs 
inter alia in that I use an excess of diisocyanate, so that the final chain-extended prepolymer is totally 
capped with -NCO. The latter consequence is necessary in my process, since in my final step, I add a 
hydroxy acrylate, the hydroxyl of which must react with the prepolymer -NCO's in order to form the final 
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acrylate terminated photopolymer. 

R. C. Hire also offered a similar paper, "Carboxyl Modified Polyols in Water-Borne Urethane Coatings," 
at the Water-Borne and Higher-Solids Coatings Symposium, Feb. 1 - 3, 1989, in New Orleans; pp. 357-358 
disclose end-capping the carboxyl-grafted base polymer with a diisocyanate, followed by reaction with 

5 DM PA. This ionomer is capped with a polyamine and is then ready for water dispersion. 

The two papers above are based on research at the Olin Corporation, of New Haven, Conn. 
U. S. Patent 4,460,738, July 17, 1988, to Frentzel et al (assigned to Olin Corporation) discloses 
substantially the same process described in the above papers, including treating the acid grafted polyol 
with, e.g., MDI, and chain-extending with, e.g., butane diol. Acrylate diol chain extenders are not disclosed. 

10 The grafted -COOH reacts at least partially with -NCO to form amide. In Col. 7, lines 22-25, the ratio of 
-NCO groups to -OH groups in the reactants (i.e., in the acid-grafted polyols) is stated as 0.5-5:1. This will 
of course cap all -OH groups in the polyol, including at least partial amide formation. The product is 
"neutralized", e.g., with a diol. The urethane prepolymer product can be chain extended with a diamine, a 
diol or mixtures (Col. 7, lines 54-55). Neither dimethylolpropionic acid (DMPA) nor a (meth)acrylate(s) 

75 containing diol is mentioned as chain extenders. The chains so extended are apparently not terminated with 
-NCO. Example 43 of the patent discloses reacting together acid-grafted polyol, diisocyanate, and 
dipropylene glycol (as hardener). Again, my process differs from that of the patent, inter alia, in that the diol 
chain extenders used contain carboxylic acid groups optionally with photoactive (meth)acrylate groups. In 
my process, after the polyol-diisocyanate reaction is complete, a chain-extending diol such as DMPA is 

20 added, so that the resulting chain-extended prepolymer terminates first with hydroxy Is, and then on further 
reaction with the excess diisocyanate present, the result is a diol chain-extended -NCO capped prepolymer. 
The latter class of compounds is apparently not taught in the referenced literature. 

U. S. 4,590,255 O'Connor and Frentzel (assigned to Olin Corporation) has a disclosure similar to that in 
their prior patent 4,460,738. However, there is no mention of (meth)acrylate(s) containing diol chain 

25 extenders, DMPA, or hydroxyalkylmethacrylate. The final product is neither UV-curable nor water-devel- 
opable. 

A paper by N. Barskby and R. M. Gerkin, "Acid Grafted Poly ethers: Reactive Intermediates for Use in 
Low VOC Coatings Applications," Proceedings of the Southern Society for Coatings Technology, 17th 
Annual Water-Borne and High-Solids Coatings Symposium, Feb. 21-23, 1990, discloses (in the section, 

30 "Water-Borne Polyurethanes") preparation of waterborne polyurethanes by reacting together diisocyanate, 
acid-grafted polyether polyol, and chain extender at 80° C to form an isocyanate-terminated prepolymer. 
The chain-extender in this section is 1 ,4-butanediol (Table 12, Column 3). Amine is added to form a salt, 
and then the result is reacted with an amine chain extender or cross-linker. A water dispersion is made up 
and the result further chain extended, again apparently with an amine. In Table 12, Formulation 3 reacts 

35 together 100g (0.1 mole) acid-grafted polyoxypropylene diol ("PWB-1200:), 89.9g (0.4 moles) isophorone 
diisocyanate (IPDI), and 24.3g (0.27 moles) 1 ,4-butanediol (BDO). Since the 0.1 mole PWB1200 reacts with 
0.2 mole IPDI, 0.2 mole IPDI is left for chain extension reactions, 1:1, with BDO. The BDO is thus in excess 
and the chain will terminate with -OH, not -NCO. 

A technical brochure, "UCarmod", available from Union Carbide Corporation (1990) discloses that 

40 "Ucarmod acid-grafted polyether PWB-1200" (as used in the below examples) is "specially designed for 
use in water-dispersible polyurethane coatings and adhesives", but no directions are given. 
Other references include: 

Knopf, J. K. and Drake, K.; U. S. Patent 4,528,334, "Carboxylated Poly(oxyalkylenes)", July 1985. This 
patent describes the preparation of acid-grafted polyether polyols that can be used as the base polymer in 
45 the instant invention. 

Japanese Application 02 46460, Tomita, A. and Kawahara, K. "Photosensitive resin compositions for 
flexographic plates." Feb. 1990 (Toyobo). The compositions disclosed in this reference lack carboxylic acid 
groups on the base polymer (a polyether polyol). Furthermore, acrylates, though present, are merely used 
as diluents (or fillers) and are not attached on the polyurethane polymer. 
50 Satomi, H. et al., Japanese HEI Application 2-4255, "Light Sensitive Resin Composition", Jan. 1990 
(Toyobo). The base polymer disclosed therein to prepare a polyurethane is not a poly(oxyalkylene) and 
lacks carboxylic acid. 

Gersdorf, J. and Kroggel, M.; European Patent Applications 374706 and 374707. June 1990 (Hoechst, 
A. G.) "Photocurable elastomer mixture containing esterified graft polyurethane, unsaturated monomer and 
55 initiator, useful for printing plate and photoresist production." The compositions disclosed in this patent lack 
carboxylic acid groups and acrylate groups on polyurethane. Acrylates are used as diluent (or fillers). Water 
dispersibility is obtained by grafting vinyl carboxylates on the polyurethane and then converting to -OH 
groups. 
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Gersdorf, J. et al. European Application 0351628. July 1989 (Hoechst AG.) "Photosetting elastomer 
mixture and recording material obtained from it for the production of relief printing plates." The polyure- 
thane lacks carboxylic acid and acrylate groups. Acrylates are used as diluents (or fillers). Water 
dispersibility is obtained from -OH groups pendant on polyurethanes. In my invention water-dispersibility is 
5 obtained from carboxylic acid groups pendant on polyurethanes. 

Joerg, K. and Zertani, R. West German Patent 3841025. June 1990 (Hoechst AG.) "Radiation 
polymerizable mixture containing saturated polyurethane-urea binder unsaturated compound and 
photopolymerization initiator, e.g., for photoresist or printing plate." The -COOH containing diols used for 
reaction with diisocyanates are not polymers. The compositions disclosed in this reference lack acrylates on 
w the polyurethane. Acrylates are used as diluents or fillers to obtain UV curability. In one embodiment a 
polyether diol is used as a base polymer, but the compound is free from acid groups. 

Japanese Patent Application 02077748. March 1990 (Fuji Photo Film KK.). "Photosensitive composition 
used for printing plate, etc., based on polyurethane resin that is insoluble in water but soluble in aqueous 
alkaline solution." In this reference, the polyurethane has an imide group, -CO-NH-CO that forms a ring with 
15 the polyurethane main chain. The polymer disclosed in this reference lacks both carboxylic acid groups and 
acrylate groups on polyurethane. 

Aoai, T. et al. U. S. Patent 4,950,582, "Light-sensitive Composition," March 1988 (Fuji Photo Film). This 
reference describes polyurethane made from base polymer that has N-sulfonyl amido groups. The base 
polymer lacks carboxylic acid groups and the final polyurethane lacks both carboxylic acid groups and 
20 acrylates. 

In summary, the above compositions lack a major feature of my invention. In particular, this feature is a 
combination of three elements: 

(1) the base polymer , which can be a conventional polyether diol (herein base polymer la); an acid- 
grafted polyether diol (herein base polymer I) or a mixture of acid grafted polyether diol with a 

25 conventional polyether diol; 

(2) the chain that extends the base polymer , which is a mixture of diols containing carboxylic acid groups 
and optionally photoactive (meth)acrylate groups; and 

(3) the hydroxyalkyl(meth)acrylate , which is used to terminate the chain ends, and is optional when 
photoactive (meth)acrylate groups are used in (2). 

30 

Summary of the Invention 

Accordingly, it is an object of the invention to prepare a photocurable composition which is suitable as 
an aqueous developable, storage stable, photosensitive solid surface or layer on a flexible article such as a 
35 flexible printing plate. 

It is an object of the invention to provide a photosensitive article comprising the novel photocurable 
composition. 

It is an object of the invention to provide a novel, specially tailored precursor for the aforesaid novel 
photocurable composition. 

40 It is also an object of the invention to prepare a novel photopolymerizable composition wherein the 
composition comprises a polymer made by reacting oxide base polymer I and/or la with an excess of a 
diisocyanate (II), thereby end-capping the base polymer with -NCO. The isocyanate reacts with a hydroxyl 
to yield a urethane. The isocyanate end-capped product (III) in the presence of an excess of -NCO is chain 
extended in a second reaction with diols (IV), including a diaikylolpropionic acid and (in one embodiment) a 

45 (meth)acrylate containing diol, still in the presence of excess diisocyanate remaining after the first reaction 
of diisocyanate with base polymer, so that the chain extended product (V) is still -NCO terminated. In a third 
and final reaction (which can be omitted under conditions hereinafter explained) this (V) is treated with a 
hydroxyalkyl(meth)acrylate (VI) to form a photopolymer (VII). In a preferred modification two or more diols 
IV, one of which is diaikylolpropionic acid, are used in sequence. 

50 It is also an object of the invention to prepare a novel photopolymerizable composition wherein the 
composition comprises a polymer made by reacting a carboxylic acid grafted polyalkylene oxide diol (base 
polymer I) with an excess of a diisocyanate (II), thereby end-capping the base polymer with -NCO. The 
isocyanate end-capped product (III), which contains some excess diisocyanate, is then chain extended in a 
second reaction with a mixture of diols including (a) a diaikylolpropionic acid and (b) a (meth)acrylate 

55 containing diol such that the diols will react with all of the isocyanate groups left from the first reaction of 
the diisocyanate with the base polymer I, to form the final photopolymer (VIII). In this case no hydroxyalkyl- 
(meth)acrylate is required, but can be used if more acrylate groups are desired in the polymer. 
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Unless otherwise indicated the term "(metrOacrylate" is used in the conventional sense, in that it means 
that either -H or -CH3 is attached to the alpha carbon in an acrylate moiety. 

The above reactants and their use in the invention are described further below. 

5 Detailed Description 

The Base Polymer - 1 and la 

The base polymer I and la has the structure 

10 



40 



45 



r 



,5 HO-(-R-0-)„H 
where 

Ris ethylene, propylene, isopropylene, butylene, isobutylene, or mixtures thereof; (-R-O) is a 
polyoxyalkylene chain, commonly known as a polyether; 
20 n is such that the molecular weight of the (-R-0-) chain varies from 500 to about 10,000; 
A is H or R 1 ; 

R 1 is -CH 2 CH2COOH, -CH 2 CH(CH3)COOH, or -CH(C00H)-CH2C00H. The average number of R 1 
units is such that they constitute about 1-30 weight percent of the total molecular weight of the 
(-R-0-) n chain. 

25 The number of R 1 units remains substantially constant throughout the described sequence of reactions, 
to and including the final product(s), VII or VIII. 

Where A is H the base polymer is designated as la; where A is R 1 the base polymer is designated as I. 
In this context R 1 may be considered as replacing the H in A, which otherwise is attached to carbon in R. 
In the configuration given for I it will be noted that R 1 replaces a hydrogen on a carbon in one (or 
30 more) of the polymer segments (-R-0-). For example, 



CH 2 CH ( CH 3 ) COOH CH 2 CH 2 COOH 

j 1 



35 1 « > ( " 1 

(-CH 2 -CH-0-) n or (CH 2 -CH-0-) n 



\ 



CH, CH 3 



means that -CH2CH(CH 3 )COOH or -CH 2 CH 2 COOH has replaced an unidentified hydrogen in at least one of 
the polymer segments 



(-CH 2 -CH-0-) . 
CH 3 

50 The same identities apply, mutatis mutandis , to the corresponding polymer segments following reactions of 
I and/or la with diisocyanate II to make isocyanate-capped polymer III, chain extension of III with diol(s) IV to 
make V, and reaction of V with hydroxyalkyl-(meth)acrylate VI to make final photopolymer products(s) VII. 
For example, terminal non-carboxylic hydroxyls on I and/or la will react with diisocyanate to form III, and the 
resulting isocyanate end-capped III will be chain-extended with diol(s) IV, and the resulting transitory 

55 intermediate product (which is terminated by hydroxyls) reacts with diisocyanate present to provide V, 
which has terminal -NCO groups. V can then be reacted with hydroxyalkyl(meth)acrylate (VI) to form 
photopolymer VII. 
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In a preferred embodiment, a reaction mixture comprising a photopolymer (VIII) is made by the two 
following steps: 

1. Base polymer I and/or IA is reacted with diisocyanate II, giving isocyanate end capped prepolymer III. 

2. Ill is reacted with a slight excess of diol(s) IV, wherein IV is a mixture of dialkylol propionic acid and 
dihydroxydimethacrylate. The result comprises photopolymer VIII, which terminates with -OH originating 
with either of the diols. 

In this two-step process, reaction with hydroxyalkylmethacrylate is omitted. Photosensitivity in the 
molecule is provided by the methacrylate moieties pendant in the chain. 

Base polymer I thus includes polyalkylene oxide diols containing pendant carboxylic acid groups which 
have been grafted onto the polymer chain using (meth)acrylic acid, fumaric acid, or maleic acid in an 
aggregate amount of about 1-30 weight percent of the total molecular weight of the (-R-0-) n chain. The 
molecular weight of base polymer I can vary within the range 500 to about 10,000 and is preferably about 
1000. 

All of the reactions herein described using base polymer I, work equally well with base polymer la (non- 
grafted polymer), or with mixtures of I and la. Such mixtures can be used in any proportions, e.g., with 
weight ratios of l:la of 1-1000:1-1000. In making final photopolymers using all or predominantly la, it is 
preferable to increase the amount of -carboxyl containing diol during chain extension (cf Example 10, using 
la and no I). 

Base polymer la as used in Example 10 was a 1000 molecular weight polyoxypropylene diol available 
from Union Carbide Corporation as Niax® Polyether Polyol PPG-1025. 
Molecular weights are expressed as number average. 

The base polymer (I) used in Examples 1 - 9 and 11 was "Ucarmod PWB 1200", from Union Carbide 
Corporation. This material is described as having the structure 



wherein n is such that the product has a molecular weight of about 1000. The acid number of the 
product is about 52. The available descriptive literature does not identify the polymer carbon to which the 
pendant group is attached. (The group replaces a H on that carbon.) 

A product available from the Olin Corporation is described as a polypropylene oxide) dio! where R 1 is 
-CH(COOH)CH 2 COOH and is attached to an alpha carbon, i.e., 



The acid-grafted base polymers (I) used in my invention can be made, e.g., by the processes 
described in the above-referenced U. S. Patents 4,460,738 (Olin Corporation) and 4,528,334 (Union Carbide 
Corporation). In grafting methacrylic acid onto poly(oxyalkylene) compounds by the process described in 
U.S. 4,528,334, a heterogeneous mixture containing homopolymer of methacrylic acid monomer generally 
results along with the grafted product. Such homopolymer is considered harmless in the invention reactions 
and products herein described. 

As noted, non-acid grafted (i.e. conventional) polyether diols can be used alone or in any proportions 
with carboxyl-grafted diols. Such conventional polyether polyols contain either oxyethylene or oxypropylene 
groups or both oxyethylene groups and higher oxyalkylene groups such as oxypropylene and oxybutylene 
groups, either in random or block distribution in their molecules, and have molecular weights in the range of 
500 to about 10,000, and preferably, in the range of about 1000 to about 4000. These poly(oxyalkylene) 



CH 2 CH 2 COOH 




HO(-CH 2 -CH-0) n H 
CH 3 




CH 
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compounds may be made by processes well known in the art by reacting an alkylene oxide or mixtures of 
alkylene oxides with a compound having from one up to as many as four active hydrogen atoms, such as 
water, monohydroxylic alcohols such as ethanol and propanol, dihydroxylic alcohols such as ethylene glycol 
and monoethyl ether of glycerine, trihydroxylic alcohols such as glycerine and trimethylolpropane, 

5 tetrahydroxylic alcohols such as pentaerythritol, hexahydroxylic alcohols such as sorbitol. The poly- 
(oxyalkylene) products of such reactions will have linear or branched oxyalkylene or oxyethylene-higher 
oxalkylene chains, and such chains will terminate with hydroxy I groups. 

The aforesaid non-acid-grafted polyether diols react in the same manner as the acid-grafted base 
polymer in the invention reactions, undergoing end-capping with diisocyanates, chain-extension with diols, 

10 and chain termination with hydroxyalkylmethacrylates. In mixtures of I and la the initial weight ratio of the 
grafted to non-grafted base polyether diols is thus maintained in their subsequent derivatives. 

Diisocyanates - II 

75 A wide variety of diisocyanates is available for end-capping the acid-grafted polypropylene diol I and in 
the subsequent diol chain extensions. These diisocyanates can be aliphatic or aromatic, with the structure 
OCN-R 2 -NCO. The divalent radical R 2 contains in general 2 to 20, preferably 6 to 15 carbon atoms and may 
optionally carry non-interfering substitutents such as ether groups, ester groups, urethane groups, amido 
groups, urea groups, or halogen atoms. Examples of suitable diisocyanates include 4.4 , -methylene diphenyl 

20 diisocyanate (MDI), 2,4-tolylene diisocyanate (toluene diisocyanate), dimer of 2,4-tolylene-diisocyanate, 2,6- 
tolylenediisocyanate, p-xylenediisocyanate, m-xylenediisocyanate, 1 ,5-naphthylene diisocyanate, 3,3*- 
dimethylbiphenyl-4,4'-diisocyanate, hexamethylene diisocyanate, trimethylhexamethylene diisocyanate, 
lysine diisocyanate, isophorone diisocyanate, 4,4'-methylenebis(cyclohexylisocyanate), methylcyclohexane- 
2,4(or 2,6)-diisocyanate, 1.3-(isocyanatomethyl)-cyclohexane, and m-tetramethylxylene diisocyanate. 

25 Conventional urethane-forming catalysts may be used in the reactions with diisocyanates. These 
catalysts include, e.g., organo-tin compounds such as dibutyl tin dilaurate and stannous octoate, organo- 
mercury compounds, tertiary amines, and mixtures of these materials. 

The initial reaction product of the base polymer I (and/or la) with excess diisocyanate II is an 
isocyanate-capped prepolymer, III: 



where R 3 is -C(:0)-NH-R 2 -NCO. 

Ill may be formed in multiples, i.e., Ill may react with more base polymer I (and/or la, as the case may 
40 be), forming chains comprising III and e.g., I, joined by urethane linkages (-NHC(:0)-0-), e.g. Ill-l-lll lll-l-lll- 
Mll, lll-l-lll-l-lll-l-lll, etc. 

While an excess of diisocyanate II is required in order to ensure complete -NCO capping of base 
polymer and to ensure that enough isocyanate groups are left to react with diols IV to chain extend the 
-NCO-capped base polymer to increase the molecular weight to obtain a solid polymer, too great an excess 
45 should be avoided because it increases the hardness of the final photopolymer. If the photopolymer is too 
hard, it will not form a good flexographic printing plate. The ratio of -NCO in the diisocyanate II to -OH in 
the base polymer should exceed 1, and preferably should be about 3-6:1, and even more preferably about 
3-4:1. 

50 Diol(s) - IV 

Once III is formed, diol IV is added pursuant to the invention process and functions to chain-extend III, 
to increase the molecular weight to ensure that the final polymer is a solid material. 

The diols used here have the structure HO-R*-OH, where R* is inherently defined below by reference 
55 to actual classes of suitable diols. 

The three suitable classes of diols used in this invention are: 

(1) Diols containing a free carboxylic acid group and having a molecular weight less than 500, e.g., a 
dialkylolpropionic acid. 



30 



A 



R 3 -0-(-R-0-) n R 3 
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(2) Carboxyl-free diols having a molecular weight less than 500, e.g. alkane diols. 

(3) (Meth)acrylate(s) containing diols. 

The above diol chain extenders can be used as mixtures or in sequence. 

The invention requires that at least one of the chain extending diols carry a free carboxylic acid group, 
5 -COOH. Such diol distinguishes from the base polymers I and la in that the molecular weight is less than 
500. A preferred class of such acid containing diols is the dialkylolpropionic acid, HO-(C m H 2m )-CH(COOH)- 
(C m H 2m )-OH, where m is 1-4, preferably 1, thus giving dimethylolpropionic acid (DM PA). Such diols both 
chain extend and introduce -COOH groups into the polymer chain. The carboxylic acid groups aid water- 
dispersibility of the final photopolymer composition. 
m Another class of suitable diols is the carboxylic acid-free diols. These can be alkane diols such as 
ethylene glycol, 1 ,4-butanediol, 1,6-hexanediol, cyclohexanedimethanol, and the like. 
A very useful diol is a di- or mono-(meth)acrylate containing diol with the structure 

R 6 -(CH2) p -R5 

75 

where 

R 5 is -C(:0)OCH 2 CH(OH)-CH 2 OC(:0)-C(R7) = CH2 or -0CH 2 CH(0H)-CH2 0-OC(:O)-C(R 7 ) = CH 2 where 
R 7 is -CH 3 or -H; 

R 6 is R 5 , -CCOJO-CHjsCHtOHJCHzO-R 8 , or -0CH 2 CH(0H)CH 2 -OC(:O)-R 8 , 
20 where 

R 8 is C p H 2p+1 and p is 1-20. 

The (meth)acrylate(s) containing diol functions both (a) as chain extender (i.e. the two hydroxyl groups 
react with the isocyanates to give urethane linkages) and (b) to introduce photocurable (meth)acrylate sites 
along the polymer backbone to improve resistance to ink swell. These groups are in addition to any (meth)- 

25 acrylate groups introduced in the third reaction with the hydroxyalkyl(meth)acrylates to make the 
photopolymer VII (as described elsewhere). 

The basic chain extension reaction is III + IV = IV-III-IV. IV-III-IV is transitory, and its two terminal 
hydroxyl groups react with excess diisocyanate II and/or more III and/or byproducts of II and IV such as IV- 
II, ll-IV-ll, and multiples of these. Various of these products are believed to enter into the reactions for chain 

30 extending the isocyanate-capped base polymer III, forming compounds such as lll-IV-H, III-IV-III-IV-II, ll-IV- 
lll-IV-lll, lll-IV-lll, etc., ail of which are isocyanate-capped because of the excess of diisocyanate II in the 
reaction mixture. 

As noted, diol(s) IV react with isocyanate-capped polymer III and also with excess unreacted 
diisocyanate II to form a mixture designated as V. 
35 In the simplest case of V, starting with diol IV and III where III is M-l(and/or la)-ll, the chain extension 
reaction mixture will contain, inter alia, compounds of the structure 



40 



R 9 -0(-R-0) n -R 9 



where R 9 is -C(:0)-NH-R 2 NH-C(:0)-0-R*-0-R 3 . 
45 At least some of diol IV will be dialkylolpropionic acid, and in one embodiment will additionally contain 
(meth)acrylate(s) containing diol, so that R 4 will contain some carboxylic acid groups and some (meth)- 
acrylate groups. 

In a preferred mode of chain extension, (a) a (meth)acrylate containing diol (e.g., dihydrox- 
ydimethacrylate) is added to the isocyanate-capped base polymer III; (b) the resulting reaction mixture is 
50 fully reacted at ambient temperature (about 18-25°C; (c) a mixture of dialkyklolpropionic acid (e.g., 
dimethylolpropionic acid) and an alkane diol (2-10 carbons) (e.g., 1,4-butane diol) is added; and (d) the 
resulting mixture is heated to about 50-65 • C to complete the chain extension. 

The resulting polymer thus contains pendant carboxylic acid groups (from dialkylolpropionic acid) for 
improved water dispersibility and, in one embodiment, (meth)acrylate groups for additional UV curability to 
55 increase the crosslinking density and hence resistance to ink swell. The polymer may be considered as 
final photopolymer VIII, or if further reaction with hydroxy(meth)acrylate is intended, as prepolymer V. 
Dihydroxydimethacrylate can be prepared in various ways, e.g., as shown in Examples 3 and 4 below. 
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A uniquely useful form of V is III chain-extended with three different segments, (-II-IV), where the diols 
IV include (a) a carboxyl-containing diol of molecular weight less than 500, e.g., a dialkylolpropionic acid 
(always essential), (b) a carboxyl-free diol less than 500 molecular weight, e.g., an alkane diol such as 1,4- 
butane diol, and (c) a (meth)acrylate(s) containing diol, e.g., dihydroxydimethylacrylate. The resulting chain 
5 is terminated by hydroxyls or by II, depending on whether diols or diisocyanates are in excess. 



Hydroxyalkyl(meth)acrylates - VI 

The final step in forming photopolymer VII is end-capping V with hydroxyalkyl(meth)acrylate VI. VI has 
w the structure CKfe = C(R 7 )-C(:O)-O-(R 10 )OH where R 10 is lower alkalene (C2-6 ). 

A number of such hydroxyalkyl(meth)acrylates (VI) are available e.g., hydroxyethyl methacrylate, 
hydroxypropyl methacrylate, hydroxyethyl acrylate, and the like. 

The reaction of V and VI gives the final photopolymer product, VII, which is a mixture comprising 
compounds having (in the simplest case) the structure 

75 



20 



R u -0(-R-0-) n -R u 



where R 11 is -C(:0>-NH-R 2 -NH-C(:0)-0-R 4 -0-C(:0)NH-R 2 -NH 
CH 2 = C(R 7 )-C(:O)-O-(R 10 )-O-(C:O)-. 

The generic group of compounds formed by the reaction of V with VI is referred to as VI-V-VI, or VII. 

25 Since VI will react with all-NCO terminated compounds in the reaction mixture whether or not they 
contain segments of I and/or la, a variety of related reactions will also occur, resulting in compounds such 
as VI-II-VI, VMII-VI, etc. Such simultaneously produced congeners are included in VII. 

To make a photopolymer this final step (reaction of V with VI) is optional if a sufficient amount of 
(meth)acrylate(s) diols IV has already been added to react with all of the isocyanates of Ml. 

30 When a reaction mixture is made using as I, poly(oxypropylene) diol, molecular weight of about 1000, 
with R 1 —CH2CH2COOH, tolylene diisocyanate as II, a mixture of 1,4-butane diol and methylolpropionic 
acid as IV, and finally hydroxyethylmethacrylate as VI, the resulting composition is believed to include a 
photopolymer of the following composition (cf Example 2): 

35 CH 2 CH 2 COOH 

R 12 -O-(-R-0-) n R 12 

40 

where n is about 15-20, there is about one -CH 2 CH 2 C00H group per molecule of I, and R 12 is -OC(:0)-NH- 

TI-NH-C(:OK>(CH2)*-0-C(:0^ 

CH 2 CH2-0-C(:0)C(CH3) = CH2.TI = 2,4-toiylene. 

The compound shown represents a theoretical and probable structure. Other, similar structures are 
45 believed present The two side chains, here shown as R 12 , will often not be identical to R 12 or to each other. 

Also, the number of base polymer segments f(-R-0) n ] per photopolymer molecule may be more than 1, e.g. 

2, 3, 4, etc. In the general case, however, the final photopolymer will comprise as components, base 

polymer, diisocyanate, low molecular weight diol, and hydroxyalkylmethacrylate. Chain extending diols will 

alternate via urethane linkages with diisocyanates. 
50 When a reaction mixture is made up following the same procedure as above except adding the diol 

chain extender in two stages, the first being a mixture of dimethylolpropionic acid and a (meth)acrylate(s) 

containing diol, e.g., dihydroxydimethacrylate, followed by tolylene diisocyanate (Tl) and 1,4-butane diol, the 

final reaction mixture resulting from these species is considered to contain inter alia a photopolymer of the 

following composition (cf Example 7): 

55 
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CH 2 CH 2 COOH 



R 13 -0- (-CH 2 -CH(CH 3 ) -0-) n -R 13 



CH 2 CH 2 COOH 

where R 13 is -C(:Q)NH-Tl-NHC(:0)-0-(-CH 2 CH(CH 3 ~0) n i 

* -C ( : O) NH-T1-NHC ( : O) -0~CH [ CH 2 OC ( ; O) C ( CH 3 ) =CH 2 ] -CH 2 -QOC- ( CH 2 ) g 

^COOCH [ CH 2 QC ( ; O) C (CH 3 ) =CH 2 ]-Q-C ( : O) NH-Tl-NHC ( : O) -O-j 

L(CH 2 ) 4,-O-C ( :Q) -NH-Tl-NHC( :Q) -Q-CH 2 -C(CH 3 ) (COOH) -CH 2 -Q-j 

L C ( : O) -NH-Tl-NH ( C : O) -0- (CH 2 ) A -0-C ( : 0) -NH-Tl-NH-C ( : O) -O-i 
I — — 1 

L CH [ CH 2 -Q-C ( : O) -C ( CH 3 ) =CH 2 ] -CH 2 OOC- ( CH 2 ) <-COOCH 2 -CH [ CH 2 -Q-[ 
L C( ;Q) C(CH 3 ) ^CH 2 ] -O-C ( : O) NH-T1-NHC ( :0) -Q-CH 2 CH 2 -Q-C( : O) -) 
l-C(CH 3 )=CH 2 . 

The compound shown represents a theoretical but probable structure. Similar structures are expected to 
be present in the reaction mixture. The two side chains, here represented by R 13 , will often not be identical 
to the above R 13 , and further, the side chains will often differ on the same base polymer. Also, the number 
of base polymer segments f(-R-0-) n ] (three in the structure shown) will often not be three, but may be 1, 2, 
4, etc. In the general case, however, the final photopolymer will comprise as segment components, base 
polymer, diisocyanate, low molecular weight diol(s), and hydroxyalkylmethacrylate. The low molecular 
weight diol(s) can be dimethylolpropionic acid, together with dihydroxydimethacrylate or with butane diol, or 
with a mixture of butanediol and dihydroxydimethacrylate. Diisocyanate and diol (suitable two or three 
different diols) will alternate as in the previous description. 

Preparation of Photopolymer VIII (No Hydroxyalkyl(meth)acrylate) 

When a reaction mixture is made using as I, poly(oxypropylene)diol, molecular weight of about 1000, 
with R 1 = -CH 2 CH 2 COOH; tolylene diisocyanate as II; and an excess of dimethylolpropionic acid and 
dihydroxydimethacrylate as IV, the final step of end-capping with hydroxyalkyl(meth)acrylate can be 
omitted, and the final reaction mixture is photopolymer VIII, believed to comprise a compound of the 
following composition (cf Example 8): 



CH 2 CH 2 COOH 



R [poly (propylene oxide) n )R u 



CH 2 CH 2 COOH 

where R u is -C( :Q)NH-T1-NHC( :Q) -Q-[ poly (propylene oxide) ] D 
C(;0)NH-Tl-NHC(:0)-OCH 2 C(CH 3 ) (COOH) -CH 2 -OC( ;0) NH-Tl-j 
LNHC( ;0) -OCH- (Metha) -CH 2 OC( :0) - (CH 2 ) 4 -C( :0) n 
LoCH 2 CH(Metha) -0-C( :0)NH-T1-NHC( :0)OCH 2 C(CH 3 ) COOH-CH 2 OH . 

Poly (propylene oxide) = (C3H6-O-) 
Tl - tolylene 

Metha = Chfe = C(CH3)C(:0)-OCH2- 
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n is such that the base polymer has a molecular weight of about 1000. 

The compound shown is only a theoretical representative structure. Similar structures are expected to 
be present in the reaction mixture. The two side chains, here represented as R H , will often not be identical 
to the above R H , and further the side chains will often differ on the same base polymer. The number of 
base polymer segments [(C 3 H G -0-) n ] (three in the structure shown) may be 1, 2, 3, 4 or more. In the 
general case, the final polymer will comprise as segment components base polymer, diisocyanate, 
dimethylolpropionic acid, and dihydroxydimethacrylate. Diisocyanate, base polymer, and diols will alternate 
along the polymer chain. 

Solvent 

All the above reactions are suitably carried out in an anhydrous organic solvent. The intermediate 
products (e.g., reaction mixtures containing isocyanate-capped polyoxypropylene ether) can be recovered at 
each stage; however, when one is aiming at the final photopolymer, this is neither necessary nor desirable. 

Suitable solvents include N,N-dimethyl formamide, dimethyl acetamide, dimethylsulfoxide, 4-methyl-2- 
pentanone, methyl ethyl ketone, and mixtures thereof. 

To summarize, the acid-grafted polyether diol is first reacted with an excess of diisocyanate. The thus- 
formed isocyanate-capped polyether diols are then chain extended with a low-molecular weight carboxyl- 
containing diol, e.g., dialkylolpropionic acid, additionally with low molecular weight diols that do not contain 
carboxyl groups, e.g., 1 ,4-butanediol and/or with (meth)acrylate(s) containing diols, e.g., dihydroxydi(meth)- 
acrylate, to increase the molecular weight so as to form a solid polymer, to impart water-dispersibility, 
and/or (as the case may be) to help provide UV-curability. Whether or not (meth)acrylates-containing diols 
are added in the chain-extension step, the chain-extended product can be treated further in a third (and 
final) step with a hydroxyalkyl(meth)acrylate such as hydroxyethylmethacrylate or hydroxypropyl- 
methacrylate to terminate the chains with (meth)acrylates. When little or no (meth)acrylate(s)-containing diol 
is added in the chain-extension reaction, it is necessary to add a hydroxyalkylmethacrylate as aforesaid to 
make a photopolymer. The (meth)acrylate groups provide UV-curability to the polymer. The carboxylic acid 
groups impart water dispersibility to develop the UV-exposed plates prepared with the photopolymer. 

In these reactions, the reaction temperature was maintained low enough (usually below 80 *C) so that 
esterification of the carboxylic acid groups by the hydroxyl groups and side reactions of the acid groups 
with the isocyanate groups could not occur. 

The resulting photopolymer (VII or VIII, and preferably still in its reaction solvent) is then mixed with (a) 
some mono-, di- or multifunctional methacrylates or acrylates at a level of about 5 to 30 weight percent; (b) 
a photoinitiator (typically 0.5 to 1%), and (c) (optional) potassium hydroxide or other base to neutralize the 
carboxylic acid groups and to form an ionomer. The formulation is then casted on a metal coated backing 
or a polyester backing. After drying to remove the solvent, the dry solid plate is subjected to UV exposure 
through a negative to form the cured image. The imaged plate is then washed with an aqueous alkaline 
solution (such as 1% sodium carbonate) or an aqueous surfactant mixture to remove the area unexposed to 
UV radiation, thereby leaving a relief or lithographic image or the like. 

Formulations with Photopolymer VII or VIII Reactive Monomer (Acrylates) 

The simplest formulation is photopolymer VII or VIII plus an effective amount of photoinitiator. Such 
mixture can be solvent cast, as is, or the solvent removed and extruded to create a solid photopolymeriza- 
ble layer on conventional backing materials. However, it is preferable to formulate or extend the 
photopolymerizable composition with about 1 to 30% by weight of reactive (i.e., photoactive) monomer, and 
most preferably in the range of 5 to 20% by weight reactive monomer. Suitable reactive monomers are 
those of the formula: 

R 7 



(CH 2 =C-C(:0)-0-) q -R 



wherein R 7 is hydrogen or methyl, and R 15 is an organic moiety having the valence of q, and q is 1 or 
more. 



11 



EP 0 602 292 A1 



Such reactive (meth)acrylate diluents include, but are not limited to, trimethylolpropane triacrylate, 
hexanediol diacrylate, 1,3-butylene glycol diacrylate, diethylene glycol diacrylate, 1 ,6-hexanediol diacrylate, 
neopentyl glycol diacrylate, polyethylene glycol 200 diacrylate, tetraethylene glycol diacrylate, triethylene 
glycol diacrylate, pentaerythritol tetraacrylate, tripropylene glycol diacrylate, ethoxylated bisphenol-A dia- 
crylate, propylene glycol mono/dimethacrylate, trimethylolpropane diacrylate, ditrimethylolpropane 
tetraacrylate, triacrylate of tris(hydroxyethyl) isocyanurate, dipentaerythritol hydroxypentaacrylate, pen- 
taerythritol triacrylate, ethoxylated trimethylolpropane triacrylate, triethylene glycol dimethacrylate, ethylene 
glycol dimethacrylate, tetraethylene glycol dimethacrylate, polyethylene glycol-200 dimethacrylate, 1,6- 
hexanediol dimethacrylate, neopentyl glycol dimethacrylate, polyethylene glycol-600 dimethacrylate, 1,3- 
butylene glycol dimethacrylate, ethoxylated bisphenol-A dimethacrylate, trimethylolpropane trimethacrylate, 
diethylene glycol dimethacrylate, 1 ,4-butanediol diacrylate, diethylene glycol dimethacrylate, pentaerythritol 
tetramethacrylate, glycerin dimethacrylate, trimethylolpropane dimethacrylate, pentaerythritol 
trimethacrylate, pentaerythritol dimethacrylate, pentaerythritol diacrylate, urethane-methacrylate or acrylate 
oligomers and the like which can be added to the photopolymerizable composition to modify the cured 
product. Monoacrylates such as cyclohexyl acrylate, isobornyl acrylate, lauryl acrylate and tetrahydrofurfuryl 
acrylate and the corresponding methacrylates are also operable as reactive diluents. 

Photoinitiators 

The formulations comprising the novel materials of this invention require a photoinitiator. A large 
number are available and useful. 

Photoinitiators for the photopolymerizable composition and formulations containing the same include the 
benzoin alkyl ethers, such as benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether and 
benzoin isobutyl ether. Another class of photoinitiators are the dialkoxyacetophenones exemplified by 2,2- 
dimethoxy-2-phenylacetophenone, i.e. Irgacure®651 (Ciba-Geigy) and 2,2-diethoxy-2-phenylacetophenone. 
Still another class of photoinitiators are the aldehyde and ketone carbonyl compounds having at least one 
aromatic nucleus attached directly to the carboxyl group. These photoinitiators include, but are not limited 
to benzophenone, acteophenone, o-methoxybenzophenone, acenaphthene-quinone, methyl ethyl ketone, 
valerophenone, hexanophenone, alpha-phenyl-butyrophenone, p-morpholinopropiophenone, diben- 
zosuberone, 4-morpholinobenzophenone, 4 , -morpholinodeoxy benzoin, p-diacetylbenzene, 4-aminoben- 
zophenone, 4 , -methoxyacetophenone, benzaldehyde, alpha-tetralone, 9-acetylphenanthrene, 2-acetyl- 
phenanthrene, 10-thioxanthenone, 3-acetylphenanthrene, 3-acety Undone, 9-fluorenone, 1-indanone, 1,3,5- 
triacetylbenzene, thioxanthen-9-one, xanthene-9-one, 7-H-benz[de]-anthracen-7-one, 1-naphthaldehyde, 4,4'- 
bis(dimethylamino)-benzophenone, fluorene-9-one, V-acetonaphthone, 2'-acetonaphthone, 2,3-butanedione, 
acetonaphthene, benz[a]anthracene 7.12 diene, etc. Phosphines such as triphenylphosphine and tri-o- 
tolylphosphine are also operable herein as photoinitiators. The photoinitiators or mixtures thereof are usually 
added in an amount ranging from 0.01 to 5% by weight of the total composition. 

Other Additives 

Other additives to the photocurable composition can be included. To inhibit premature crosslinking 
during storage of the prepolymer containing compositions of this invention, thermal polymerization inhibitors 
and stabilizers are added. Such stabilizers are well known in the art, and include, but are not limited to, 
hydroquinone monobenzyl ether, methyl hydroquinone, amyl quinone, amyloxyhydroquinone, n-butylphenol, 
phenol, hydroquinone monopropyl ether, phenothiazine, and nitrobenzene, and mixtures thereof. Such 
additives are used in an amount within the range of from about 0.01 to about 2% by weight of the 
prepolymer. These stabilizers are effective in preventing crosslinking of the prepolymer composition during 
preparation, processing and storage. 

The compositions also may contain up to about 50% by weight of an inert particulate filler which is 
essentially transparent to actinic light. Such fillers include the organophilic silicas, bentonites, silica and 
powdered glass. Such fillers can impart desirable properties to the photocurable compositions and reliefs on 
printing plates containing those compositions. 

Formulations using the photopolymers of this invention (including VII and VIII) include the following (in 
parts by weight): 

(1) Photopolymer, about 10-100, preferably about 70-90; 

(2) Aromatic or aliphatic urethane acrylate, about 5-30, preferably about 10-20; 

(3) Trimethylolpropane, or any acrylate diluent, about 0-20, preferably about 5-10. 

(4) Photoinitiator, about 0.1-10, preferably about 0.5-1.0; 
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(5) Organic solvent, about 0-200, preferably about 10-40; the organic solvent suitably comprises toluene, 
about 0-10 and 2-propanol, about 6-20; 

(6) Potassium hydroxide solution (e.g., about 20 weight % in methanol), about 0-20, preferably about 5- 
20. 

5 

Preparation of Plate 

The photocurable composition can then be shaped and formed as a solid layer of suitable thickness 
according to conventional solvent casting, i.e., dissolving the composition in a solvent, shaping the solution 

w into a film or plate and removing the solvent. Conventional extrusion calendaring or hot press techniques 
can also be used. Solid layers of the photosensitive composition in the form of a film can be adhered to 
supports such as those comprising polyester, nylon or polycarbonate. Other suitable supports include 
woven fabrics and mats, e.g. glass fiber fabrics or laminated materials made of for example, glass fibers 
and plastics, and steel or aluminum coated plates. It is preferred that the supports are dimensionally stable 

15 and resistant to the washout solutions. 

It is also usually necessary to protect photosensitive surfaces from contamination by dirt and dust 
during storage before being exposed and washed. Such protection is accomplished by lamination or 
application of a flexible protective cover sheet to the side of the photocurable composition opposite that of 
the support. In addition, the photocurable compositions can sometimes be tacky and it is thus also desirable 

20 to apply a release film to the surface of the photosensitive layer before application of the coversheet. The 
release film may consist of a thin, flexible and water dispersible polymeric film and allows for intimate 
contact between the surface of the photocurable composition opposite to the support and an image bearing 
negative applied to the surface. 

25 Exposure and Development 

Photosensitive articles comprising a support having a solid layer or surface comprising the photocurable 
composition, e.g. solid flexographic printing plates, can then be processed by well known techniques for 
imagewise exposure to actinic light. Preferably, the light should have a wavelength of from about 230-450 
30 microns. Exposure is through a negative placed between the light source and the photosensitive surface. 
Suitable sources of light include Type RS sunlamps, carbon arc lamps, xenon arc lamps, mercury vapor 
lamps, tungsten halide lamps and the like. 

Exposure periods depend upon the intensity of the actinic light, thickness of the plate and the depth of 
the relief desired on the printing plate. Periods of from 2 to 20 minute exposures are preferred. 
35 After exposure and the negative has been removed, the unexposed areas of the photosensitive surface 
can be developed in aqueous solutions. Suitable solutions include alkaline aqueous solutions as well as 
nonionic, cationic, and amphoteric surfactants or combinations thereof. A preferred washout solution is 1% 
aqueous sodium carbonate solution. 

The reactions involved in the invention are summarized schematically below. Side reactions are 
40 omitted. For details see the examples. 



45 



50 



55 
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30 



Routed Route 2 Route 3 Route 4 Route S Route 6 Route 7 

(Examples 1.2) (Examples 5,6) (Example 7) (Example 8) (Example 9) (Example 10) (Example 11) 

1 + 11 1 + 11 I * II II -IV la* II I + la + II 

i l i i 1 i i 

ni in in in + i +IV + IV +ivViv a 

* i i i i i i 

+ IV + IV + IV + IV a + IV 3 + IV + IV 3 + IV + VI + VI 

* ' tilt 1 

y v V VIII V VII VII 

J I J I 

+ VI + VI + IV + IV 3 + vi 

lit J 



20 VII VII 



25 



I 

VI 

I 

VII 



VII 



Code: 

I = carboxylic acid grafted polyether diol base polymer 
la = non-acid grafted (i.e. conventional) polyether diol base polymer 

II = diisocyanate in excess 

III = isocyanate capped prepolymer with excess diisocyanate 

IV = di methyl ol propionic acid 
35 IV ' = 1.4-butanediol 

IV* = (meth)acrylate-containing diol 

V = base polymer chain extended with diols and terminating with isocyanate 

VI = hydroxya1ky1(meth)acrylate 

VII = final photopolymer terminated with hydroxyalkyl (meth)acryl ate 

40 VIII = final photopolymer with pendant acid groups and (meth)acrylate groups, 
no terminal hydroxya1ky1(meth)acrylates 



It will be noted that the first three routes are similar except for the step(s) for diol chain extension. The 
45 chain extension operation is unique in that each chain extension segment has a dual function. The dialkylol 
propionic acid both chain-extends and, through its -COOH group, provides water dispersibility. The alkane 
diol extends the chain and provides solidity to the polymer. The dihydroxydimethacrylate extends the chain 
and provides UV-crosslinkability and resistance to ink swell. And all this is built into the chain before it is 
closed with a hydroxyalkylmethacrylate (the terminal UV-sensitive unit), 
so Base polymer I and/or la chain extended with DMPA and 1,4-butane diol gives a satisfactory water- 
developable photopolymer when the chain is terminated with an acrylate. A better photopolymer results 
however by chain extending with DMPA and dihydroxydimethacrylate, in that the polymer tends not to swell 
as much in aqueous inks. I greatly prefer chain extension using DMPA and a dihydroxydimethacrylate, 
since use of these two in chain extension results in good washability and minimizes swelling in inks. 
55 Resistance to ink swell is important in the developed printing plate, since swelling can cause unacceptable 
deformities in the relief areas and hence poor printing. The following Examples illustrate without limiting the 
invention. 
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Example 1 



PREPARATION OF AN ACID MODIFIED POLYURETHANE-ACRYLATE FROM 4,4*-M ETHYLENE 
DIPHENYLDIISOCYANATE (MDI) " 

The reactants used in the synthesis are as follows: 



Materials 


Source 


Trade name or Abbreviation 


Mole Ratio 


Weight (grams) 


MDI 


Mobay 


Mondur M 


6 


100 


PWB-1200 


Union Carbide 


Ucarmod 


2 


148 


1 ,4-Butanediol 


Aldrich 


BDO 


1 


6.0 


Dimethylolpropionic acid 


Aldrich 


DMPA 


2 


17.8 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


17.2 


Geltrol 


B F Goodrich 


Good-Rite A.O. 3113 




1.8 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.9 


2,6-Di-t-Butyl-4~Methylphenol 


Aldrich 


BHT 




0.3 


Irganox 1010 


Ciba-Geigy 






0.3 


N,N-Dimethyl Formamide 


Aldrich 


DMF 




181.5 



MDI was first melted by heating to 60 °C under nitrogen. Geltrol, MEHQ and BHT were dissolved in 10 
grams of DMF and added to the acid grafted polyether polyol PWB-1200. This solution was then added to 
the molten MDI in the resin kettle under vigorous stirring. The exotherm will bring the reaction temperature 
to about 75 'C. After about one hour, when the exotherm has subsided, a solution of DMPA and BDO in 100 
grams of DMF was added to reaction mixture. About 70 more grams of DMF was also added to reduce the 
viscosity and facilitate mixing. After about 2-3 hours at 60-70 °C, and when the exotherm has subsided, 
Hydroxyethylmethacrylate was introduced into the reaction mixture and additional application of heat was 
removed. Irganox 1010 dissolved in 1.5 grams of DMF was then added. The reaction mixture was allowed 
to mix for another 4-5 hours or until the IR spectrum showed the complete disappearance of the isocyanate 
peak at about 2265 cm -1 . The resultant mixture was formulated as described in Example 12 below. 

Geltrol, an antigelation agent, is a phosphite polyalkyl polyphenol. 

Irganox 1010, MEHQ, and BHT function as stabilizers. 

Irganox 1010 is tetrakis [methylene 3-(3 , ,5 , -di-tert-butyl-4 , -hydroxyphenyl)propionate] methane. 
The following schematic indicates some of the principal reactions believed to occur in Example 1, 
together with some of the major products. 
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CH 2 -CH 2 -COOH Acid grafted 

i 1- — » > polymer (I) 

HO(CH 2 CH(CH 3 )-0-) n H 

+ 

OCN-Ph-CH 2 -Ph-NCO MDI (II) 

(Ph=phenylene) 

gives 



2 -CH 2 -COOH 



OCNPhCH 2 PhNHC( :0) -0-(CH 2 CH(CH 3 ) -0-) n -C( :0) NH-PhCH 2 PhNCO 

+ (HI) 

HO(C«H 8 )OH, 1,4-butane diol (IV) 
gives 



CH 2 -CH 2 -COOH 



JL 



-C 4 H 8 OC ( : O) NH-PhCH 2 PhNHC ( : O) -O- (CH 2 CH (CH 3 ) -0-) „-C ( : O) NHPh n 

HOC«H e -0-C ( : O) NH-Ph-CH 2 — J 

(V) 
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+ 

MDI 

gives 

CH 2 CH 2 COOH 

t 1 — J» 1 

R 13 -0- (CH 2 -CH (CH 3 ) -0-) n -R 13 

where R 13 is -C( :0)NHPhCH 2 PhNHC( :0) ~0-C«H 6 -0-C( :0)NHPhCH 2 PhNCO 

+ 

HOCH 2 C(CH 3 ) (COOH)CH 2 OH - Dimethylolprop ionic acid 

gives 

CH 2 CH 2 CHOOH 
, 1 \J 



R u -0-(CH 2 CH(CH 3 )-0-) n -R u 



where R u is -C ( : O) NHPhCH 2 PhNHC ( ; O) -Q-C»H 8 -Q-C ( : O) NHPhCH 2 Ph -j 

L NHC ( : O) OCH 2 C (CH 3 ) (COOH) CH 2 OH 
+ 
MDI 
gives 
CH 2 CH 2 COOH 

R 15 -0- (CH 2 CH(CH 3 ) -O-^-R 15 

where R 15 is -C(:0)NHPhCH 2 PhNHC(:0)-0-C 4 H B -0"C(:O)NHPhCH 2 Ph n 

I " 1 

L NHC( :0)OCH 2 C(CH 3 ) (COOH) CH 2 0-C( :0) NHPhCH 2 PhNCO 

+ 

CH 2 =C(CH 3 )C0OC 2 H 4 OH, Hydroxyethyl methacrylate 

gives 

CH 2 CH 2 COOH 
i 1— - 1 > 



R 16 HD- (CH 2 CH (CH 3 ) -0-) n -R 16 



where R is -CCiOJNHPhC^PhNHCCtOJ-O-C^Ha-O-CtrOJNHPhCHaPh^ 

_ _ — 



• NHC ( : O) 0CH 2 C (CH 3 ) (COOH) CH 2 0-C ( : O) NHPhCH 2 PhNHC ( : O) 

CH 2 =C(CH 3 ) COOC 2 H 4 0 



3 



This final product is an invention photopolymer. Obviously, a large number of similar products are made 
at the same time; some are photopolymers, some not. The total mixture is, however, photopolymeric. 
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EXAMPLE 2 

PREPARATION OF AN ACID MODIFIED POLYURETHANE-ACRYLATE FROM TOLUENE DIISOCYANATE 
(TDl) ~ " 

The reactants used in the synthesis are as follows: 



Materials 


Source 


Trade Name or 


Mole Ratio 


Weight (grams) 






Abbreviation 






TDl 


Mobay 


Mondur TD80 


7 


50 


PWB-1200 


Union Carbide 


Ucarmod 


2 


91.1 


1 ,4-Butanediol 


Aldrich 


BDO 


2 


7.4 


Dimethylol propionic acid 


Aldrich 


DMPA 


2 


11.0 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


10.6 


Geltrol 


BFGoodrich 


Good-Rite A.O. 3113 




0.34 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 


2 ( 6-Di-t-Butyl 4-methoxyphenol 


Aldrich 


BHT 




0.36 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




65 


N,N-Dimethyl formamide 


Aldrich 


DMF 




60 



TDl was charged to a resin kettle purged with nitrogen. The acid grafted polyether polyol PWB-1200 
was then added to TDl under vigorous stirring. The exotherm raised the reaction temperature to 45 *C. After 
about 2.5 hours, when the exotherm has subsided, and the isocyanate content was 2.9 milliequivalents per 
gram, a solution of BDO and DMPA in 60 grams MIBK and 60 grams DMF was added to the reaction 
mixture under constant stirring. The exotherm brought the reaction temperature to about 37 *C. After about 
2 hours, a solution of Geltrol/MEHQ/BHT dissolved in 5 grams of DMF was then added. The reaction was 
allowed to stir for about 2 hours and hydroxyethylmethacrylate was added. The reaction was then allowed 
to proceed for another 17 hours at 25 *C and then heated to 60 *C with the addition of about 0.05 grams of 
dibutyl tin dilaurate catalyst until the IR spectrum did not show any isocyanate peak at about 2265 cm" 1 . 
The resulting mixture was formulated as described in Example 13 below. 



EXAMPLE 3 



PREPARATION OF A PI HYDROXYDI METHACRYLATE CHAIN EXTENDER FROM ADIP IC ACID AND 
GLYCIDYL METHACRYLATE (hereafter, referred as CHAIN EXTENDER^) " ~ 

A resin kettle equipped with a mechanical stirrer, a thermometer and a condenser was charged with 
36.5 grams (0.25 moles) of adipic acid, 71.1 grams (0.5 moles) of glycidyl methacrylate , 0.5 grams of 4- 
methoxyphenol (as stabilizer) and 0.05 grams of 1 ,8-diazabicyclo [5.4.0] undec-7-ene (as catalyst) The 
mixture was reacted at 100-1 10 *C for about 12 hours until the IR spectrum showed the complete 
disappearance of (a) the acid carbonyl peak at about 1710 cm" 1 and (b) the epoxide peak at about 912 
cm The resulting product is a clear viscous liquid, hereafter referred as CHAIN EXTENDER A . 

EXAMPLE 4 



PREPARATION OF A DIHYDRQXYDIMETHACRYLATE CHAIN EXTENDER FROM 1 4-BUTANEDIOL 
DIGLYCIDYL ETHER AND ACRYLIC ACID (hereafter, referred as CHAIN EXTENDERB) " 

121.2 grams (0.6 moles) of 1 ,4~butanediol diglycidyl ether was charged to a resin kettle equipped with a 
mechanical stirrer, a thermometer and a condenser. 86.4 grams (1.2 moles) of acrylic acid was added 
followed by 1.05 grams of 4-methoxyphenol and 0.15 grams of 1 ,8-diazabicyclo [5.4.0] undec-7-ene. The 
resulting mixture was heated at 100-110-C for a minimum of 10 hours until the IR spectrum showed the 
complete disappearance of the acid carbonyl peak at about 1710 cm" 1 and the epoxide peak at 912 crrr 1 
followed by the appearance of the hydroxyl peak at about 3500 cm" 1 . The resulting product is an amber 
transparent liquid (hereafter, referred as CHAIN EXTENDER B) 
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EXAMPLE 5 



PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE U SING CHAIN EXTENDER A 
PREPARED IN EXAMPLE 3 ~ 



The reactants used in the synthesis are shown below: 





Materials 


Source 


Trade name or Abbreviation 


Mole Ratio 


Weight (grams) 


10 


TDI 


Mobay 


| Mondur TD80 


7 


50.0 




PWB-1200 


Union Carbide 


Ucarmod 


2 


91.1 




Chain Extender A 


Example 3 




2 


35.9 




Dimethylol propionic acid 


Aldrich 


DMPA 


2 


11.0 




Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


10.6 


15 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 




Geltrol 


BFGoodrich 


Good-Rite A.O. 3113 




0.34 




2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.34 




Methyl Isobutyl Ketone 


Aldrich 


MIBK 




65 




N.N-Dimethyl Formamide 


Aldrich 


DMF 




60 


20 


Dibutyl Tin Dilaurate 


Air Products 


DABCO T-12 




0.125 



25 



30 



35 



TDI was charged to a resin kettle equipped with a mechanical stirrer, a thermometer, a nitrogen inlet 
and an addition funnel. The polyether polyol Ucarmod PWB-1200 was introduced in the reaction vessel 
under vigorous stirring. The exotherm raised the temperature to about 35-40 °C. After about 3 hours, when 
the exotherm has subsided, or when the isocyanate content has reached a level of 2.9 milliequivalents per 
gram, a solution of dimethylol propionic acid and Chain Extender A dissolved in DMF and MIBK was added, 
followed by the addition of the stabilizers Geltrol, MEHQ and BHT. The exotherm increased the reaction 
temperature to about 40 'C. The reaction mixture was allowed to proceed for about 24 hours, until the 
isocyanate content is about 0.26 milliequivalents per gram. Then, hydroxyethyl methacrylate was added 
along with the catalyst dibutyl tin dilaurate. The mixture was heated at 60 *C until there was no isocyanate 
peak at about 2265 cm" 1 in the IR spectrum. (See Example 14 for formulation) 

EXAMPLE 6 

PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLA TE USING CHAIN EXTENDER B 
PREPARED IN EXAMPLE 4 ~ ~ * — ~ 



The reactants used in the synthesis are as follws: 



40 



45 



50 



Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


7 


50.0 


PWB-1200 


Union Carbide 


Ucarmod 


2 


91.1 


Chain Extender B 


Example 4 




2 


28.5 


Dimethylol propionic acid 


Aldrich 


DMPA 


2 


11.0 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


10.6 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 


Geltrol 


BFGoodrich 


Good-Rite A.0. 3113 




0.34 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.34 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




65 


N,N-Dimethyl Formamide 


Aldrich 


DMF 




60 


Dibutyl Tin Dilaurate 


Air Products 


DABCO T-12 




0.125 



55 



TDI was charged to a resin kettle equipped with a mechanical stirrer, a thermometer, a nitrogen inlet 
and an addition funnel. The polyether polyol Ucarmod PWB-1200 was introduced in the reaction vessel 
under vigorous stirring. The exotherm raised the temperature to about 35-40 °C. After about 3 hours, when 
the exotherm has subsided, or when the isocyanate content has reached a level of 2.9 milliequivalents per 
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gram, a solution of dimethylol propionic acid and Chain Extender B dissolved in DMF and MIBK was added, 
followed by the addition of the stabilizers Geltrol, MEHQ and BHT. The exotherm increased the reaction 
temperature to about 40 -C. The reaction mixture was allowed to proceed for about 24 hours. Then, 
hydroxyethyl methacrylate was added along with the catalyst dibutyl tin dilaurate. The mixture was heated 
at 60 *C until there was no isocyanate peak at about 2265 cnrr 1 in the IR spectrum. (See Example 15 for 
formulation). 

EXAMPLE 7 



PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE FOLLOWING ROUTE 3 
The reactants used in the synthesis are as follows: 



Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


8 


50.0 


PWB-1200 


Union Carbide 


Ucarmod 


2 


79.7 


1 ,4-Butanediol 


Aldrich 


BDO 


2 


6.5 


Chain Extender B 


Example 4 




2 


24.8 


Dimethylol propionic acid 


Aldrich 


DMPA 


1 


4.8 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


9.3 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.41 


Geltrol 


BFGoodrich 


Good-Rite A.O. 3113 




0.35 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.38 | 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




20 


N,N-Dimethyl Formamide 


Aldrich 


DMF 




45 


Stannous Octoate 


Air Products 


DABCO T-9 




0.05 



TDI was charged to a resin kettle equipped with a mechanical stirrer, a thermometer, a nitrogen inlet 
and an addition funnel. The polyether polyol Ucarmod PWB-1200 was introduced in the reaction vessel 
under vigorous stirring. The exotherm raised the temperature to about 35-40 °C. After about 3 hours, when 
the exotherm has subsided, or when the isocyanate content has reached a level of 3.3 milliequivalents per 
gram, a solution of Chain extender B, MEHQ, Geltrol and BHT in 20 grams DMF and 5 grams MIBK was 
added. After about one hour under vigorous stirring, at which point, the isocyanate level was closed to 1.6 
milliequivalents per gram, a solution of BDO and DMPA in 25 grams DMF and 15 grams MIBK was added. 
The reaction mixture was allowed to proceed for another 2 hours after which stannous octoate catalyst was 
added. The mixture was allowed to react for about 18 hours and then hydroxyethylmethacrylate was added. 
TTien the reaction was heated to 60 'C until the IR spectrum did not show any isocyanate peak at about 
2260 cm \ The resulting product is an amber, viscous liquid. (See Example 16 for formulation) 

EXAMPLE 8 

PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE FOLLOWING ROUTE 4 (NO 
HYDROXYALKYL(METH)ACRYLATE TERMINAL GROUPS) 

The reactants used in the synthesis are as follows: 
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Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


7 


50.0 


PWB-1200 


Union Carbide 


Ucarmod 


2 


91.1 


Chain Extender A 


Example 4 




3 


53.0 


Dimethylol propionic acid 


Aldrich 


DM PA 


3 


16.5 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 


Geltrol 


BFGoodrich 


Good-Rite A O. 3113 




0.34 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.34 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




92.5 


N,N-Dimethyl Formamide 


Aldrich 


DMF 




87.5 


Dibutyl Tin Dilaurate 


Air products 


Dabco T-12 




0.075 



TDI was charged to a resin kettle equipped with a mechanical stirrer, a thermometer, a nitrogen inlet 
and an addition funnel. The polyether polyol Ucarmod PWB-1200 was introduced in the reaction vessel 
under vigorous stirring. The exotherm raised the temperature to about 35-40 *C. After about 3 hours, when 
the exotherm has subsided, or when the isocyanate content has reached a level of 2.9 milliequivalents per 
gram, a solution of dimethylol propionic acid and Chain Extender A dissolved in DMF and MIBK was added, 
followed by the addition of the stabilizers Geltrol, MEHQ and BHT. The reaction mixture was then heated to 
50 *C in the presence of the catalyst T-12 until the IR spectrum showed the complete disappearance of the 
isocyanate peak at about 2265 cm" 1 . (See Example 17 for formulation). 

EXAMPLE 9 



PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE FOLLOWING ROUTE 5 
The reactants used in the synthesis are shown below: 



Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


7 


50.0 


PWB-1200 


Union Carbide 


Ucarmod 


2 


91.1 


Chain Extender A 


Example 3 




2 


35.9 


Dimethylol propionic acid 


Aldrich 


DM PA 


2 


11.0 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


10.6 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 


Geltrol 


BFGoodrich 


Good-Rite A.0. 3113 




0.34 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.34 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




50 


N t N-Dimethyl Formamide 


Aldrich 


DMF 




62 


Toluene 


Aldrich 






10 



TDI, MEHQ and BHT were charged to a resin kettle equipped with a mechanical stirrer, a thermometer, 
and a nitrogen inlet. Chain Extender A was then added to TDI under vigorous stirring. The exotherm raised 
the reaction temperature to about 27 *C. The mixture was allowed to react for about 3 hours, until the 
isocyanate content (as determined by titration with dibutylamine) was about 4.7 milliequivalents/gram. The 
polyether polyol Ucarmod PWB-1200 was added and the reaction was allowed to proceed for about 5 hours 
until the isocyanate content reached a level of about 1.37 milliequivalents/gram. (The exothermic reaction 
brought the reaction temperature to about 40 °C). Then a solution of dimethylol propionic acid and Geltrol in 
DMF, MIBK and toluene was added. The mixture was allowed to react until the isocyanate content reached 
a level of about 0.38 milliequivalents/gram. Finally, hydroxyethylmethacrylate was added and the reaction 
heated to 50 °C until completion when the IR spectrum showed the complete disappearance of the 
isocyanate peak at about 2265 cm -1 . (See Example 18 for formulation). 

Referring to Example 9, it will be noted that the first reaction involves reacting dihydroxy dimethacrylate 
(DHDMA) with an excess of toluene diisocyanate (TDI). Generically, the resulting prepolymer may be 
represented schematically as diisocyanate-methacrylate, the two components being joined by urethane 
linkages, -NHC(:0)-0-; and the diisocyanate and methacrylate having the structures given below. 
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Generically speaking, in making a prepolymer of this type, any diisocyanate (NC0-R 2 -NCO, where R 2 is 
a divalent organic moiety as above described) can be used. Also, in lieu of DHDMA, a methacrylate of the 
following generic structure can be used: 

HOC(E)HCH 2 OC(:0)-(CH 2 ) n C(:0)-0-CH 2 CH(E , )-OH 
where 

E is CH = C(CH 3 )C(:0)-0-CH2-; 
E' is H or E; and 
n is 3-10. 

More precisely, the resulting generic prepolymer (using excess diisocyanate) may be expressed as 



OCNR 2 NH-C-OC(E)HCH 2 OC(CH 2 ) n COCH 2 C(E , )H-0- -CNHR 2 NCO 
L O O 'o J a I) 

where a indicates repeating segments of the bracketed moiety. The aggregate prepolymer is considered to 
be a mixture of prepolymer molecules of varying length (i.e., where a varies). 
When the acrylate reactant is in excess, the prepolymer will have the structure 

[G-C(:0)NH-R 2 NHC(:0)-]aG 

where G is HOC(E)HCH 2 OC(:0)-CH 2 ) n C(:OhCH 2 C(E , )H-0-; R 2 and n are as defined above, and a (as in the 
preceding description) indicates varying prepolymer molecular weights. 

Within the above generic structures, and using the same process of Example 9, various species can be 
made, e.g., the TDI-DHDMA-TDI product of Example 9 (TDI in excess); DHDMA-TDI-DHDMA, using the 
Example 9 process except with DHDMA in stoichiometric excess. In each of the said two instances, the 
components are linked via urethane linkages, -NHC(:0)-0-. Other methacrylate-diisocyanate products can 
be made by the same processes. 

Thus, in a general sense, an important embodiment of the invention includes chain extending 
substantially any urethane by reacting it with a dihydroxydimethacrylate of the general structure: 

HOCtEJHC^OCfiOhfC^J^CtiOhO-CHzCtEJH-OH 

where n = 3-10 and E is CH? =CH(CH 3 -C(:0)-0-CH 2 -. 

EXAMPLE 10 



PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE FROM A NON-ACID GRAFTED 
(i.e. CONVENTIONAL) POLYETHER DIOL " " 

The reactants used in the synthesis are shown below: 
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Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


7 


50.0 


PPG-1025 


Union Carbide 


Niax Poly ether dioi 


2 


ft? 1 


1,4-Butanediol 


Aldrich 


BDO 


0.25 


0.9 


Dimethylol propionic acid 


Aldrich 


DM PA 


3.75 


20.9 


Hydroxyethyl methacrylate 


Rohm and Haas 


Rocryl 400 


2 


10.6 


Geltrol 


BFGoodrich 


Good-Rite A O. 3113 




0.7 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.35 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




40 


N,N-Dimethyl Formamide 


Aldrich 


DMF 




80 


Toluene 


Aldrich 






45 


Dibutyltin Dilaurate 


Air Products 


Dabco T-12 




0.07 



TDI and Dabco T-12 were charged to a resin kettle equipped with a mechanical stirrer, a thermometer, 
a nitrogen inlet and an addition funnel. The polyether diol PPG-1025 was then introduced into the reaction 
vessel under vigorous stirring. The exotherm raised the temperature to about 3^40 °C. After about 4 hours, 
when the exotherm has subsided, or when the isocyanate content has reached a level of about 3.1 mil- 
liequivalents per gram, a solution of dimethylol propionic acid and BDO dissolved in DMF, MIBK and 
Toluene was added, followed by the addition of Geltrol and BHT. The reaction mixture was then heated to 
60 ° C for about 4 hours and hydroxyethyl methacrylate was added. The reaction was allowed to react at 
60 °C until the IR spectrum showed no isocyanate peak. (See Example 19 for formulation). 

EXAMPLE 11 



PREPARATION OF AN ACID-CONTAINING POLYURETHANE-ACRYLATE FROM A MIXTURE OF BASE 
POLYMERS: ACID-GRAFTED AND NON-ACID GRAFTED (i.e. CONVENTIONAL) POLYETHER DIOLS 

The reactants used in the synthesis are shown below: 



Materials 


Source 


Trade Name or Abbreviation 


Mole Ratio 


Weight (grams) 


TDI 


Mobay 


Mondur TD80 


7 


50.0 


PWB-1200 


Union Carbide 


Ucarmod 


1.5 


68.3 


PPG-1025 


Union Carbide 


Niax Polyether diol 


1 


41.0 


Chain Extender A 


Example 3 




2 


35.3 


Dimethylol propionic acid 


Aldrich 


DMPA 


3 


16.5 


4-Methoxyphenol 


Aldrich 


MEHQ 




0.34 


Geltrol 


BFGoodrich 


Good-Rite A.0. 3113 




0.34 


2,6-Di-t-Butyl 4-Methylphenol 


Aldrich 


BHT 




0.34 


Methyl Isobutyl Ketone 


Aldrich 


MIBK 




80 


N.N-Dimethyl Formamide 


Aldrich 


DMF 




70 


Stannous Octoate 


Air Products 


Dabco T-12 




0.07 



TDI was charged to a resin kettle equipped with a mechanical stirrer, a thermometer, a nitrogen inlet 
and an addition funnel. The polyether polyol Ucarmod PWB-1200 was mixed with the polyether diol PPG- 
1025 and then introduced in the reaction vessel under vigorous stirring. The exotherm raised the 
temperature to about 35-40 *C. After about 3 hours, when the exotherm has subsided, or when the 
isocyanate content has reached a level of 2.3 milliequivalents per gram, a solution of the stabilizers in 10 
grams MIBK was added. Then a solution of dimethylol propionic acid and Chain Extender A dissolved in 
DMF and MIBK was added. Then the reaction mixture was heated to 50 *C in the presence of the catalyst 
T-9 until the IR spectrum showed the complete disappearance of the isocyanate peak at about 2265 cm -1 . 
(See Example 20 for formulation). 
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EXAMPLES 12-20 

FCKMULATItmS OF THE ACH)-ODWAIillW> POLTUHKTBAMK'ACRYIATE PHLrttJHJLWgRS PREPARED IB IQf AftPlJgs 1 1 5-n ABD 

PKEPARATIOW OF THE PIMM. PRJUTDIG PtATES 

5 Photocurable compositions are formulated by mixing the components in the proportions as described below: 



EXAMPLES 







12 


13 


14 


15 


16 


17 


18 




19 


20 


70 










WEIGHT Urams) 














Reaction Mixture of 
























Example 1 


100 










- 








- 




Example 2 




130 




- 


- 














Example 5 






100 




- 


- 


- 




- 




15 


Example 6 
Example 7 
Example 6 
Example 9 
Example 10 


- 


- 
- 


- 
- 


100 

*" 


60 


- 
100 


- 
100 




_ 

100 




20 


Example 11 




- 






; 


- 


- 






100 




Diluents" 1 
























Sartoroer CN 971 


9.2 


11. t 


9.2 


9. 0 


11 . 7 


- 


- 




15 


- 




TMOPTMA 


3.0 




















25 


Ebecryl 6700 
Sartoraer CN 972 
FPGMMA 


- 

- 


- 

- 


- 






_ 

- 


12. 
6, 

- 


5 


- 


B.B 


30 


Irgacure 651 


0.7 


0.7 


o.e 


0.6 


0.7 


0.6 


0. 


.7 


1.0 


0.5 




Toluene 






6 


6 


10 














2-Propanol 


20 


10 


6 


6 


10 




10 








35 


Potassium Hydroxide 
Solution (20 wt* in 
Methanol) 


1.5 


6 




















WASH RATE 


3.4 


8.5 


12.5 


12.5 


3 


11.6 


14.5 




10 


10 


40 


PERCENT SWELL IN: m 
























WATER 






3 


5 


4 


6 


5 




6 


6 




AQUEOUS -BASED INK 


120 


106 


24 


15 


10 


73 


24 




99 


62 



(1) Sartomer CN 971 is an aromatic ure thane aery late available from Sartomer Co. 
TMOPTMA is t rime thy lolpropane trimethacrylate (Sartomer 350 for Sartomer Co.) 
Ebecrvl 6700 is an aromatic ur ethane acrylate from Radcure Specialties Co. 

(2) Swell tests were done on 0.5 in. x 0.5 in. x 20 mils thick films soaked in the solvent 

for 2<< hours at ambient temperature. 



50 The difference in swell rates in Examples 14 and 15 is considered due to minor variations in the 
respective reaction products in dihydroxydimethacrylate. 

The above formulations of Examples 12-20 were solvent cast onto metal or polyester support and then 
dried to remove the solvent. The resulting solid, non-tacky photopolymer plates were then imaged by 
exposure through a negative and developed in a 1 percent sodium carbonate aqueous solution at 150° F to 

55 give a good relief and sharp image at washout rates of 3-13 mils per minute. Rims prepared from the 
dihydroxydimethacrylate chain extenders (Examples 15-16) also showed good swell resistance in both 
water and aqueous-based ink which are suitable for printing. It can be seen that the ink resistance of the 
polymers can be controlled by adjusting the molar ratio of the diisocyanate and the dihydrox- 
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ydimethacrylate chain extender. Ink swell can be adjusted by controlling the amount of dihydrox- 
ydimethacrylate chain extender in the polymer. 
The invention thus includes: 
(i) Precursor for a photopolymer, and the photopolymer, viz: 
Composition comprising a compound of the structure 



A 

Z-0-(-R-0~) n Z 

where R is independently ethylene, propylene, isopropylene, butylene, isobutylene, or mixtures thereof; 
n is such that the molecular weight of the (-R-0-) chain varies from 500 to about 10 000 
A is H or R 1 

R 1 is -CH 2 CH 2 COOH, -CH2CH(CH 3 )COOH, or -CH(COOH)-CH2COOH, the average number of R 1 
units being such that they constitute 1-30 weight percent of the total molecular weight of the (- 
R-0-) chain; 

Z comprises chain extending segments of (-II-IV-) and (-II-IV-) and is terminated by (-II), (-II-VI), 
(-II-IV), or (-II-IV); components of said segments being joined by urethane linkages, -NH-C(:0)- 
0-; 

II is a diisocyanate; 

IV is a diol containing -COOH and having a molecular weight less than 500; 
IV is a carboxyl-free diol having a molecular weight less than 500 or a (meth)acrylate(s)-containing 
diol; and 

VI is hydroxyalkyl(meth)acrylate. 

Compounds terminating in VP are photopolymers (herein, VII). Compounds containing segments 
comprising dihydroxydi(meth)acrylate(s) are also photopolymers (herein, VIII), whether or not terminating 
in VI. Thus, a photopolymer VIII can be further treated with VI and thereby converted into photopolymer 
VII. Compounds terminating in II can be precursors for making VIII and/or VII. 

(ii) Methods for making the aforesaid photopolymers and precursors. 

(iii) Formulations with the photopolymers. (Both types take the same kinds of formulations.) 

(iv) Printing plates with a layer of photopolymer formulation (developed and undeveloped). 

(v) Methods of making the plates. 

(vi) Methods of exposing and developing the plates. 

Claims 

1. A composition comprising a compound of formula 

A 

* — I , 

Z-0-(-R- 0 -) n Z 

in which: 

R is independently ethylene, propylene, isopropylene, butylene, isobutylene, or mixtures thereof; 
n is an integer such that the molecular weight of the (-R-O) chain is from 500 to about 10 000- 
A is H or R 1 

R 1 is -CH2CH2COOH, -CH2CH(CH 3 )COOH, or 

-CH(COOH)-CH 2 COOH, the average number of R 1 units being such that they constitute 1-30 weight 
percent of the total molecular weight of the (-R-0-) chain; 
Z comprises chain extending segments 

(-II-IV-) and (-II-IV-) and is terminated by (-II), (-II-VI), (-II-IV), or (-II-IV), the components of said 
segments being joined by urethane linkages, -NH-C(:0)-O; 
II is a diisocyanate; 

IV is a diol containing a -COOH group and having a molecular weight less than 500; 

IV is a carboxyl-free diol having a molecular weight less than 500 or a (meth)acrylate(s)- containing 
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diol; and 

VI is hydroxyalkyl(meth)acrylate; the compounds in which A is -H being designated P and the 
compounds in which A is R 1 being designated la'. 

2. A composition according to claim 1 wherein A is H. 

3. A composition according to claim 1 wherein A is R 1 . 

4. A composition according to claim 1, comprising a mixture of compounds P and la 1 . 

5. A composition according to claim 4 wherein IV is dimethylolpropionic acid and IV 1 is 1 ,4-butane diol. 

6. A composition according to claim 5 wherein IV* additionally comprises di hydroxy dimethacry late. 

7. A composition according to claim 4 wherein IV is dimethylolpropionic acid and IV is dihydrox- 
ydimethacrylate. 

8. A composition according to any one of claims 1 to 4 wherein the segments (-II-IV-) and (-IMV-) in Z 
consist essentially of -ll-dimethylolpropionic acid- and -ll-dihydroxydimethyacrylate-. 

9. A composition according to any one of the preceding claims wherein Z is terminated by (-II-VI). 

10. A composition according to claim 9 consisting essentially of compound la* wherein 

R is isopropylene; 

n is such that the molecular weight of the 

(-R-0-) chain is about 1000; 

R 1 is-CH2CH 2 COOH; 

IV is dihydroxydimethacrylate; 

II is 4,4'-methylene diphenyl diisocyanate or tolylene diisocyanate; and 
VI is hydroxyethylmethacrylate. 

11. A composition according to any one of claims t to 4 wherein IV comprises a (meth)acrylate(s)- 
containing diol and/or the composition is terminated by VI. 

12. A composition according to claim 11, further comprising a photoinitiator and from 1 to 30 weight % 
photoactive (meth)acrylate monomers or oligomers. 

13. A composition according to claim 11, comprising from 5 to 20 weight % photoactive (meth)acrylate 
monomers or oligomers. 

14. A composition according to claim 11 consisting essentially of: 

(1) from 10 to 100 parts by weight of a photopolymer composition as defined in claim 1 1 ; 

(2) from 5 to 30 parts by weight of an aromatic or aliphatic urethane acrylate; 

(3) from 0 to 20 parts by weight of trimethylolpropane trimethacrylate or any acrylate diluent; 

(4) from 0.1 to 10 parts by weight of a photoinitiator; 

(5) from 0 to 200 parts by weight of organic solvent; and 

(6) from 0 to 20 parts by weight of potassium hydroxide solution (20 wt % in methanol). 

15. A composition according to claim 14 comprising 

(1) from 70 to 90 parts by weight of said photopolymer composition; 

(2) from 10 to 20 parts by weight of said acrylate; 

(3) from 5 to 10 parts by weight of trimethylolpropane trimethacrylate; 

(4) from 0.5 to 10 parts by weight of said photoinitiator; 

(5) from 10 to 40 parts by weight of organic solvent; and 

(6) from 5 to 20 parts by weight of said potassium hydroxide solution. 

16. A composition according to any one of claims 1 to 4 wherein Z is terminated by -II. 
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17. A composition according to claim 16 wherein 
R is isopropylene; 

R 1 is -CH2CH2COOH; 

II is 4,4'-methylene diphenyl diisocyanate or tolylene diisocyanate; 
IV is dimethylolpropionic acid; 

IV is independently 1,4-butane diol and/or dihydroxydimethacrylate. 

18. A method of preparing a composition as claimed in any one of claims 1 to 11 which method comprises 
chain extending a base polymer of formula I 



A 




HO-(-R-0) B H 

in which A, n and R are as defined in claim 1 by reaction with a diisocyanate II, with a diol IV and with 
at least one other diol IV 

19. A method according to claim 18 wherein the diol IV further comprises 1 ,4-butanediol. 

20. A method according to claim 18 or 19 wherein the diols IV and IV are added in two steps, the diols or 
mixtures of diols being different in each of the two steps. 

21. A method according to claim 20 wherein the diol added in the first step is a (meth)acryiate(s)- 
containing diol; the resulting reaction mixture is fully reacted at ambient temperature, and then a 
mixture of dialkylolpropionic acid and an alkane diol is added and the resulting mixture heated to 50 to 
65 • C to complete the chain extension; the alkyl and alkane moieties being from 1 to 4 and from 2 to 6 
carbon atoms respectively. 

22. A method according to claim 18 wherein the composition obtained is further reacted with a 
hydroxyalkyl(meth)acrylate in which the alkyl moiety has from 2 to 6 carbon atoms, thereby forming a 
photopolymer, designated VII. 

23. A method according to claim 22 comprising: 

(a) reacting together in an inert anhydrous organic solvent, base polymer I in which A represents a 
group R 1 as defined in claim 1 with excess diisocyanate II to form a mixture comprising an 
isocyanate-capped prepolymer III and residual diisocyanate; 

(b) reacting the mixture from (a) with diol IV, and at least one diol IV so as to chain extend the 
isocyanate-capped prepolymer; and 

(c) reacting the mixture from (b) with hydroxyalkylmethacrylate VI to form a photopolymer VII. 

24. A method according to claim 23 wherein VI is hydroxyethyl(meth)acrylate, the diol is a mixture of 
dimethylolpropionic acid with 

(a) 1,4-butane diol or with 

(b) (meth)acrylate(s)-containing diol; or with 

(c) a mixture of 1,4-butane diol and (meth)acrylate(s)-containing diol; and the diisocyanate II is 4,4'- 
methylene diphenyl-diisocyanate or tolylene diisocyanate. 

25. A method according to claim 24 wherein the (meth)acrylate(s)-containing diol is dihydrox- 
ydimethacrylate. 

26. A method according to claim 23 wherein in (b) the diols IV and IV are added in two steps, (meth>- 
acrylate(s)-containing diol being added first, and following reaction with that diol, one or more diols 
comprising a -COOH containing diol are added. 

27. A method according to any one of claims 18 to 26 further comprising addition of a photoinitiator and 
photoactive (meth)acrylate monomers or oligomers. 
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2a A method of preparing a printing plate comprising casting onto a plate substrate a composition 
comprising: 

(a) from 10 to 500 parts by weight of a photopolymer composition; 

(b) from 0.1 to 10 parts by weight of photoinitiator; 

(c) from 0 to 300 parts by weight of reactive (meth)acrylate monomers or oligomers; 

(d) from 0 to 200 parts by weight of an organic solvent; wherein the photopolymer composition (a) 
comprises a compound of formula 



in which A, n and R are as defined in claim 1 and Z' comprises (Q) or (K), where 
(Q) comprises identical or different segments (-II-IV-), 
where IV comprises 

(a) a diol containing -COOH and having a molecular weight less than 500; or 

(b) where (b) comprises (a) together with a (meth)acrylate(s) containing diol; 

(K) comprises identical or different segments (-H-IV). where IV comprises (Q) above and Z' is 
terminated by hydroxyalkylmethacrylate; and II is a diisocyanate. 

29. A printing plate comprising a substrate provided with a layer of UV-curable composition thereon, 
wherein the composition comprises 

(a) a photopolymer 

(b) a photoinitiator 

(c) photoactive (meth)acrylate monomers or oligomers or a mixture thereof; and 

(d) solvent; 

wherein the photopolymer (a) comprises a compound as defined in claim 28. 

30. A printing plate according to claim 29 wherein the composition comprises: 

(1) from 70 to 100 parts by weight of photopolymer (a); 

(2) from 10 to 20 parts by weight of aromatic urethane acrylate; 

(3) from 0 to 5 parts by weight of trimethylolpropane trimethacryiate; 

(4) from 0.1 to 1 part by weight of photoinitiator; 

(5) from 0 to 20 parts by weight organic solvent; 
wherein, in photopolymer (a) 

R is isopropylene; 
A is R 1 ; 

R 1 is -CH2CH2COOH or -CH 2 CH(CH 3 )COOH; 

II is tolylene diisocyanate or 4,4'-methylene diphenyl diisocyanate; 

(a) is dimethylolpropionic acid; and 

(b) is dihydroxydimethacrylate. 

31. A printing plate according to claim 30 wherein from 1 to 30 weight percent of R 1 is in base-neutralised 
form. 

32. A process comprising exposing a printing plate comprising a layer of a photopolymer composition on a 
substrate with UV radiation through a negative, thereby providing exposed and non-exposed areas of 
photopolymer composition on the plate, and developing the plate by removing the non-exposed areas 
by washing the plate with an aqueous alkaline solution; characterised in that the photopolymer 
composition comprises a compounds as defined in claim 28. 

33. A process according to claim 32 wherein the photopolymer composition comprises: 

(1) from 70 to 90 parts by weight of said photocopolymer composition; 

(2) from 10 to 20 parts by weight on an aromatic urethane acrylate; 

(3) from 3 to 5 parts by weight of trimetholpropane trimethacryiate; 



A 



Z lo-(-R-0-) n Z' 
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(4) from 0.5 to 1 .0 parts by weight of photoinitiator; 

(5) from 0 to 10 parts by weight of 2-propanol and 

(6) from 5 to 20 parts by weight of potassium hydroxide solution (20 wt % in methanol); 
wherein, in the photopolymer composition of (1 ), 

R 1 is -CH2CH2COOH, -CH2CH(CH 3 )COOH; and 

II is 4,4'-methylene diphenyldiisocyanate or tolylene diisocyanate. 

34. A process according to claim 33 wherein T comprises (Q). 

35. A process according to claim 33 wherein Z' comprises (K). 

36. A composition comprising a diisocyanate-methacrylate reaction product prepolymer wherein the 
diisocyanate is OCN-R 2 NCO and the methacrylate is 

HOC(E)HCH 2 OC(:OHCH 2 )p-C(:0)-0-CH 2 C(E , )H-OH 
where 

R 2 is a divalent organic moiety; 
E is CH 2 =CH(CH 3 )-C(:0)-0-CH 2 -; 
E' is H or E; 

p is an integer from 3 to 10. 

37. A composition according to claim 36 wherein the diisocyanate is in stoichiometric excess in the 
diisocyanate-methacrylate product. 

38. A composition according to claim 36 wherein the methacrylate is in stoichiometric excess in the 
diisocyanate-methacrylate product. 

39. A composition according to claim 37 or 38 wherein the diisocyanate is toluene diisocyanate and the 
methacrylate is dihydroxydimethacrylate. 

40. A method of preparing a diisocyanate-methacrylate reaction product prepolymer as defined in any one 
of claims 36 to 39 comprising reacting together a diisocyanate of the structure OCN-R 2 -NCO and a 
methacrylate of the structure 

HOCfEJHC^ OC(:OHCH2 Jp-CCOJ-O-Chfc C(E')H-OH 
where 

R 2 is a divalent organic moiety; 
E is CWz = CH(CH 3 )-C(:0}-0-CH 2 -; 
E* is H or E; and 
p is an integer from 3 to 10. 

41. A method of chain extending a urethane comprising reacting it with a dihydroxydimethacrylate of the 
structure 

HOC(E)HCH 2 OC(:0)-(CH 2 ) p -C(:0)-0-CH 2 C(E)H-OH 

where p is an integer from 3 to 10 and E is CH 2 =CH(CH 3 )-C(:0)-0-CH 2 -. 

42. A method according to claim 41 wherein p is equal to 4. 
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